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Changes in soil structural characteristics following 
establishment of prairie grass 
Background and goals 
Soil structure refers to the size, shape, stabil­
ity, and organization of soil aggregates. Be­
cause these characteristics significantly affect 
the movement and interactions of plant roots, 
water, nutrients, and gases, maintaining opti­
mal structure is critical to the soil's long-term 
sustainability. 
Many structural characteristics of soils are 
profoundly affected by conventional cultiva­
tion techniques. For example, the loss of 
organic matter accompanying intensive culti­
vation renders the soil more susceptible to 
erosion, compaction, and loss of soil 
macroporosity and aggregate stability. 
Seeding soils to prairie grasses may help re­
turn soil structure to that existing under native 
prairie. The resulting improvements in infil­
tration rate, resistance to erosion and compac­
tion, and the range of pore sizes through which 
roots and water move could buffer soils against 
the depleting effects of intensive agriculture. 
Prairie grasses offer potential for improving 
soil structure because (1) the organic matter is 
added relatively slowly to the soil from root 
decomposition without the rapid decomposi­
tion that results from tillage; (2) higher levels 
of root exudates that help bind together soil 
particles may be retained in the soil; (3) abun­
dant fungal activity associated with dense root 
systems may occur; and (4) the activity of 
fauna, especially earthworms, increases, im­
proving soil porosity and aggregation. In 
prairie restoration efforts in an adjoining state, 
planting a cultivated soil to prairie grasses 
increased water-stable macroaggregates to a 
level approaching that of nearby native prairie 
soil after only eight growing seasons. 
The rate at which changes occur in soil struc­
ture and associated soil properties when native 
prairie grasses are planted in cultivated soils 
needs further documentation. Thus, in this 
project, investigators assessed soil structure 
and related properties in soils where prairie 
grass had been growing for varying periods as 
compared to properties of nearby, regularly 
cultivated soils in eastern Iowa. 
Approach and methods 
Study sites in Linn, Jones, and Howard coun­
ties consisted of four annually cultivated soils 
paired with soils in which prairie grass had 
been growing for varying periods. Prairie-
grass sites were chosen that prior to the prairie 
grass establishment had been annually culti­
vated and managed similarly to their still-
cultivated counterparts. Other selection crite­
ria included proximity among the four sites to 
minimize macroclimate variations, good drain­
age, upland landscape positions, principal de­
velopment in loess, and similarity in particle 
size distribution of paired soils. 
One site, Cornell Prairie, was a seeded prairie 
of 24 growing seasons at sampling time. Its 
adjacent site had been in continuous cultiva­
tion during that time. The Christiansen prairie 
site represented 15 growing seasons in prairie 
grass. Its adjacent cultivated site had been 
row-cropped alternatively in soybeans and 
corn. The Gormley/Jordan prairie site had 
been planted to switchgrass four years prior to 
the study. The Daman/Mallie sites were not in 
adjacent fields, but were three miles from each 
other; the Daman site had been planted to 
native grasses two growing seasons before the 
study. Hayden Prairie, a native prairie site, 
was used for comparison. 
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Fig. 1. (left) Granular 
and crumb microstruc­
ture in the 0-13 cm 
horizon of the 4-year 
prairie-grass site. The 
light-colored, irregularly 
shaped areas represent 
pore space. The dark 
nodules are iron oxide 
nodules. A small, 
decomposing root is in a 
channel near the upper 
left of the micrograph. 
Aggregates consist of 
fecal pellets, probably of 
earthworms, that are 0.5 
to about 1 mm in 
diameter. (Length 
represents 7 mm in the 
soil.) 
Fig. 2. (right) Micro­
structure in the culti­
vated soil at the four-
year site varied greatly, 
but it was not granular or 
crumb as in the prairie-
grass soil. This 
micrograph shows platy 
microstructure in the 
upper few centimeters. 
Porosity is much less in 
the cultivated soil than in 
the prairie-grass soil. 
Dark-colored nodules 
are composed of 
precipitated iron oxides. 
(Length represents 7 mm 
in the soil.) 
Field methods: Investigators collected soil 
samples and made field descriptions in the 
summer and fall of 1990. At each of three 
sampling stations at each site, a shallow soil pit 
was dug and the soil described to a depth of 
about 40 centimeters (cm); sampling stations 
were within 3 meters of each other. At culti­
vated sites, collections were made in interrows 
not recently traversed by implement wheels. 
Within 36 hours of collection, investigators 
placed bulk soils in a cold room at 4° C until 
they could be analyzed. In addition, they 
collected undisturbed soil samples at each 
sampling station in order to observe 
micromorphology (form and structure). They 
also clipped vegetation samples to determine 
above-ground biomass from both the prairie 
sites and cultivated sites. They separated the 
clipped vegetation by species and dried it for 
later analysis. Soil in the same plots was also 
sampled for root biomass. 
Laboratory methods: Bulk soil samples were 
broken up and air-dried for several days, ground 
and passed through a 2-millimeter (mm) sieve, 
and stored for determination of particle-size 
distribution and pH. Samples were further 
ground to pass a 100-mesh sieve for organic 
carbon and nitrogen (N) analyses. Wet-aggre-
gate stability was determined by a standard 
technique that involved repeatedly immersing 
aggregates in water. Organic carbon and total 
N were determined by a dry combustion analy­
sis method. The undisturbed soil samples 
were air-dried and impregnated with a polyes­
ter resin that had been thinned with acetone. 
After the resin hardened into blocks, 50- by 
75-mm thin sections were prepared, analyzed, 
and photographed with a microscope (see Figs. 
1 through 3). 
Comparability of sites: Locating truly com­
parable sites for this study was challenging. 
Ideally, soils at all the sites would have been 
classified in exactly the same soil series and 
subject to exactly the same management be­
fore prairie-grass establishment. Neither ideal 
was met completely. Although the effects of 
previous management could not be controlled, 
interviews with landowners suggested that all 
sites had been in corn-soybean rotations for 
significant periods before prairie grass was 
established. 
Soil properties related to structure and struc­
tural stability depend significantly on the or­
ganic matter in the soil, which changes after 
prairie grass establishment. But structure and 
structural stability (as well as organic matter 
content) are also influenced by clay content, a 
characteristic not expected to change. 
Because values for clay content and wet-ag-
gregate stability were not independent of one 
another, investigators incorporated the values 
into a single statistic, which was used for 
comparisons between paired prairie-grass and 
cultivated sites, assuming that management at 
each pair of sites was similar until prairie-
grass establishment. Because the four study 
sites may have had different organic matter 
contents or structural properties when prairie 
grass was established, absolute values of 
changes in properties could not be used to 
compare changes across years. 
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Instead, investigators evaluated change over 
time by considering the change in a property 
relative to its "original" value (i.e., that of the 
cultivated site). This assumed that character­
istics of the continuously cultivated soil at 
each site had not changed significantly since 
prairie-grass establishment. The investigators 
theorize that the validity of this assumption 
may decrease as the age of the paired sites 
increases. The comparison across years also 
assumes that changes in soil properties did not 
depend significantly on their initial values in 
soil, but only on the "treatment" effects of 
prairie-grass and cultivated crop biology and 
management. 
Findings 
No significant differences existed between 
recently established prairie soils and culti­
vated soils in the thickness of surface horizons 
(zones below the soil surface), although the 
Hayden Prairie surface horizon was roughly 
twice as thick as surface horizons at the 2-, 4­
, and 15-year sites. In the recently established 
prairie soils, there was a qualitative trend to­
ward better-expressed, granular structure as 
the prairies became longer established. Granu­
lar structure usually correlates with the activ­
ity of fauna such as earthworms and insects. 
Major differences between prairie-grass and 
cultivated soils were strongly related to bio­
logical activity in the soil. Granular structural 
units were largely fecal pellets of earthworms 
and insects. Moreover, the greater porosity in 
the prairie-grass soils could be attributed to 
reworking of soil materials by fauna and to 
extension of roots by prairie grass. 
Surface horizons at the 15- and 24-growing-
season sites had comparable clay contents. 
However, the 2- and 4-year sites had consider­
ably greater clay content in the cultivated 
surface horizons than those at the prairie-grass 
site, probably reflecting previous erosion and 
management history. Where topsoils are 
thinned by erosion, clay from the original 
horizons is typically incorporated into the sur­
face horizon by tillage. 
Except for the 2-year site, organic carbon 
contents were greater in the prairie-grass soil 
horizons than in the cultivated soil horizons. 
The Hayden Prairie surface horizon had sig­
nificantly greater organic carbon levels than 
any of the planted prairie-grass sites. Because 
organic matter may be stabilized in soils by 
physical interaction with clay particles, com­
parisons among sites of this study must take 
soil clay content into account. When clay 
contents were taken into consideration, 4-, 
15-, and 24-year prairie-grass sites had signifi­
cantly higher organic carbon levels than their 
cultivated counterparts. 
To evaluate the trend in organic carbon values 
over time, investigators determined the differ­
ence in the organic carbon/clay index and 
calculated its change relative to the presumed 
original value (that of the cultivated site). The 
relative differences suggested that when prai­
rie grass was established, organic carbon de­
clined slightly in the first two years, accumu­
lated during the following few years, leveled 
off between 4 and 15 years, and declined 
between 15 and 24 years. The interpretation of 
decline in organic carbon levels depends 
heavily on the assumption that the initial val-
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Fig. 3. Microstructure in 
the 0-27 cm zone of the 
native prairie-grass soil 
at Hayden Prairie is 
dominated by granules 
(a) and very fine natural 
aggregates (b). Their 
high organic matter 
content makes them 
almost opaque, even in a 
section only about 30 m 
thick. Fecal pellets of 
earthworms and other 
fauna are not as easy to 
recognize here as in the 
soil at the four-year site, 
but they are present 
(e.g., the rounded, 
smooth aggregates in 
(a)). Organic matter acts 
as a cementing agent, 
stabilizing the aggre­
gates against disruption 
by erosion and possibly 
further faunal activities. 
Roots and decomposing 
plant tissues are 
abundant. In this 
micrograph, the pore 
space is represented by 
the light-colored areas. 
(Length represents 7 mm 
in the soil.) 
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ues of soil properties did not influence the 
effects of planting prairie grass. If that as­
sumption were not valid, the investigators 
would rule out the data from the 24-growing-
season site and extend their conclusions only 
to 15 growing seasons. 
Values of shoot biomass depended on the 
crop. They were about five times greater 
where corn had been planted than for soy­
beans, which produced about the same shoot 
biomass as the native prairie and 24-year prai-
rie-grass sites. Both the 4- and 15-year prairie-
grass sites had shoot biomass values greater 
than those of the 24-year and native prairie 
sites, suggesting that after vigorous growth 
during the early years, increasing competition 
for nutrients and space limited the production 
of new prairie-grass seedlings. Root biomass 
at the prairie-grass sites was much greater than 
at all the cultivated sites, although consider­
able variability existed among the sampling 
stations. Combined root and shoot data sug­
gest that after the first few years of prairie-
grass establishment, biomass accumulation 
occurs primarily below ground. 
Wet-aggregate stability was greatest in soils 
under native prairie and 24-year prairie grass, 
and soils at both prairie-grass sites had greater 
wet-aggregate stability than their cultivated 
counterparts. Generally, the data indicate that 
shortly after prairie establishment, wet-aggre-
gate stability decreased. Then, from 4 years 
after establishment through at least 15 grow­
ing seasons, soils planted to prairie grass had 
greater wet-aggregate stabilities than their 
cultivated counterparts. Finally, the relative 
differences between wet-aggregate stability of 
prairie-grass and uncultivated soils diminished 
by 24 years after prairie-grass establishment. 
Again, investigators report that the apparent 
relative decline in wet-aggregate stability is a 
result of their initial assumptions. But the data 
do suggest that prairie grasses established on a 
cultivated, loess-derived soil are likely to give 
at least 24 years of wet-aggregate stability 
values greater than those expected for an annu­
ally cultivated (row-cropped) soil. 
Implications 
Establishing prairie grasses at sites previously 
cultivated on an annual basis strongly influ­
enced a number of factors key to soil 
sustainability. These research results may be 
especially relevant to landowners, farmers, 
and researchers in predicting how quickly soil 
properties will respond to establishment of 
prairie grasses in a previously annually culti­
vated soil. The greatest impacts on carbon and 
biomass accumulation and on wet-aggregate 
stability may come in the first few prairie-
growing seasons. Following that period (which 
may last up to 15 years), soil properties may 
return to values more similar to those of the 
cultivated soil before prairie-grass establish­
ment. 
The interpretation that organic carbon and 
wet-aggregate stability could eventually tend 
to resemble their "pre-grass" states depends 
on the assumption that their initial values did 
not strongly influence the response to planting 
prairie grass. If this assumption is invalid, 
investigators would extend their conclusions 
only through 15 growing seasons. Further 
long-term research is required to determine 
conclusively the effects of prairie grass after 
15 years. 
Finally, an establishment period between 4 
and 15 years appears to be necessary in order 
for these benefits to accrue to soil structure— 
an important finding in the search to enhance 
the long-term sustainability of the soil. A 
period as short as 4 years may be sufficient to 
attain maximum increases in organic carbon 
that result from seeding a soil to prairie grasses. 
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